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J e t  l’rol~ulsioll  ljalwratory

(:aliforlliit IIlstilutc (,f ‘1’cctlllology

l’il$iiCIClla,  (’{iliforrlia  91109

‘1’11~  advcr)t o f  IJowcr  MOSFII;’1’s  and Il)agrletic IIlatcria]s lIas  led t o  illl})rovelllellts ifl tlIc  cfficictlcy  aIId

}Jowcr dcl)sity o f  l’WThl cotlvcrtcrs. l~or illstatlce, i t  lIas  IWCII dclllollstratrd t h a t  a 5\l, 20A outl)ut,

i s o l a t e d  (~ok collvrrter, s w i t c h i n g  at 100kllz, IIas aII cfficic]lcy  g,rcatcr ttlall 90’% and a Iwlvcr  dctisity  of

T, OW/itl:;.  other l’Wh4  collvcrtcrs JIave de~!lollstratrd  l,igll  cfficirrlcics as rel,ortd it, [ ] ] .  Altl,oup;t,  t.l,e

(Iy]lai[lics  o f  tlIc  lloll-isolatrxl b a s i c  (;uk corlvcrtcr lIiivc I)CCII  allalyzrd i~l detail [2], SOJIIC I)rol)lcllls

fissociatd wit])  its isolated and C. OLlj)]C(l- iIl{lll Ct(Jr  variatiolis lIavc  riot, l)ec[I addressed ttlorollgllly.  It lIits

loIIg l)ceII kIIOWII  tha t  the  ~oagllctizitlg inductance of tlIe  i s o l a t i o n  tratlsforrllcr irl tile (~uk c o n v e r t e r

illtrocluccs an u n d e s i r a b l e  g l i t c h  ill ttlc corllrol-tc)-otltl)~lt transfer futlctioll  Jvllictl u~) illltil lIow Ilirs

rcccivfd liI1iitccl attc]ltioI) and aIlalysis  [4]  and [5] .  ‘1’IIc  J)url)osc  o f  t h i s  palwr is to I)rovidc  a detailrd

iillill~ti C:il study of this effect aIld  provide a sirlll)lc rclllcdy.

Si)lcc tllc isolated Cuk co]lvcrtcr wittl  COU1)IN1 itlductors is ii s ix t l i -order  systcll), tile easiest way

t o  iItIalyzc it is to usc tile II Iodcl of ttlc l)\$’M switctl as (Icscrild irt [6] ,  [7]  alId  [8]. ‘1’lIc lIIodcl  of tlIc

l’\\’fvf slvitcll a lso  IIas tllc a d d e d  a d v a n t a g e that i t  allo;vs f o r  ttlc collvcrtcr ]IIodcl t o  I)c fwily

ittll)lcll~clltrd o] I a circuit< siIliulatioIi l)rograllls  suclI  as I’sl)ice  [9].
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111 : ;;, 7/

ill wllicll 7/ i s  (IIC ilVCragC  co]lvcrsio]l cfficietlcy ::ivcll  l}y

I ’c  : DD’(?(!, -[ )(!2 -1 ?,,,,,  -! 7,,,,,)  -1 1)7, + 1)’1,1

7’(’, : l;quivalc])t  s e r i e s  rcsistiilicc of (~1

7(, ~ lkluivale]lt rcsistallcc of (;2 reflected to l)ritrlary
2

7’ ,,,,,  ;- I{csistatlcr o f  I)ritllary Ivi]lditlg

7’ ~1,, ~ l{cwistancc of sccorldary wil)dirig  rcflcctcd to l)rirl)ary

?’t : oll-l{esistarlcc o f  ttle irctivc hloSl:l;’l” s~vitcll

1’(1 : oil-1 {.esis(allce of ttle l,iissive N’IOSI’l;’1” switc]l (syIlcllrollous r e c t i f i e r )

rdlcctcd to tllc l)rill]ary

III carryilig oot tllc s]tlall-sigllal alliilysis, tile jmrasitic elelIIcrIts  w i l l  bc igllorcd at f i r s t  I)ut, }vill lx

illcludd IiIt(’r to dctcrltlillc tllcir cffec.t 011  t,tle lligll-Q glitch. ‘1’IIc

of lIIC I’\%Jhl  sm, itc}l ill (IIC lJrc.sclicc  o f  }xiras itic clclljcllts arc

sip,  tlificarl(  cffccl  0]1 tlIe sr])all-sigllal  cllaract,er is(,  ics. )

‘1’IIc  colltrc)l-tcj-o~ltl)llt  tratlsfcr function is  give]) I)y

c (s)
L’d(s) ; -,!’

N ( s )
‘“ Kfj)(s)

d(s)

correct ions  oli tllc dc o~wratirlg  Imillt

p,ivcll ill detail ill [ 6 ]  aII(l }Iavc 110

(4)

ill wtlicll  eactl  o f  l{d, N ( s )  and 1)(s) w i l l  he dctcrlllilld sel)aratcly. ‘J’tle d e r i v a t i v e  of tlIc  out~)ut

voltage with r-esjwct  to the duty ratio gives Kd

d V(, \’.
I id  :. -<11) =- ~)i)i (5)

‘1’tlc IIut[lcrator  N ( s )  i s  dctcrll]illd I)y studyitlg tllr lIull condition ill ;12(s) =  O  slIowlI  irl l’ig.  4a wtlicll

rcduccs tlic circ(lit to the olIe in lrig.  41). I;y al)~)licatioll  of all cxtellsioll  of ttle e x t r a - c l c l t l c [ l t  tticorcti)

[ 1 0 ]  .aIId [11] to N extra cle~,,c,,ts, tl,c I,u,,,crator is dcterl,,i,,cd to I,e givc~, t,y

t1=4
N ( s )  = 1 -l,,&l 0,,s” ((i)
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‘1’lIe COIIIpOIIeIIt valIIcs u s e d  f o r  tfIc cva]uatiotl o f  t]lis cc~lltrol-to-olltl]ljt tratisfcr futlctiorl are

takcrl frorll  a ]jractical corlvertcr  dcsigrl  cxal]l])lc  givctl  itl [5] aIId listd tlerc  ill ‘1’ahlc 1 .  ‘1’IIc [I]agllitridc

rcslwllsc i s  SIIOW’11 ill l~ig.  C ill kvllicil  tlIc lligll-Q resotlatlt ,gIitcll occurs a~ j : 670}17,. It MW

ackt Iolvlcdgcd  if] [5] ttlat i t  w a s  r a t t l e r  I)ar(l t o  (lal III I this rcsollarlcc I)y (Iallll)i]lg tile (’tlcrgy trailsft,r

ca}mcilors  a n d  tile olIly rellldy ])rolmml  \vtis t o  it)creasc t]lc  Illag]lctizillg  ill(lllctatlcc.  III t]lc  squ(.1,

IIsi]lg ccrt,aill  ;ill)})roxitllatic)rls, tile cc~lltrol-tc)-c)lltl]lit Irarlsfcr futlctioll oljtaitlcd ilI ttlis sec{ioll  lvill I)c

factorc(l allfiiylically ill order t o  i s o l a t e  tllc coIII})lcx lm]cs aIId mros of tllc glilct[ fro]]] tlIc  rest o f  ttic

tr:lrlsfcr furlctiotl. I’rotrt  tlIc arlalytical exl)r(,ssioll  ol)t:lillc(l, a coll(litiol, tvill lx. CIcrive{l for 1 IIC

t,li[llillatloll  of tlIc  glitcl)  at a lmri]cular olwratillg Imitll  I)y l)lil  C(>lll(’Ilt  of its coliij~lcx  l)olch aII(l mros 0 1 1

to}) of racll ottler. ‘1’IIc colllril]utioll of tllc }mrasitic  clclllrllts will Im accolltltd for  allillj’li  Cally  ill o r d e r

t o  ol)tai]l a r(,alist,  ic ostilllate of ttlc tligtl Q of tllv COIII])ICX lmlcs  iIIId zeros  of  tljr glitctl. l’itldlly, it }vill

I)L Stlol$tl ttlat it stllall alllollll( of I):iriillcl  (Iiillll)ifl}: ii})l)lid  to ttlc efl(,rgy triillsfcr cal]acitor of I ttlc

illj)ut  side will coltll)letely  Cliltlillatc ttlc glitctl frolll  a wide rat)gc of olwratiorl.

1)11’ERMINA’1’ION  01 ‘J’1111: GI,I’1’CII  ANI) A CON1)lrI’lON  FOR 1’1’S RIcMOVA1,

1 he position of the complex poles of the glitch

Almrt froll)  introducitlg ttlc h i g h - Q  rcwoIlal)t  glitctl, t,llc lllagIlctizit}g  illductarlce 1,,,, lIas  little effect  0 1 1

ltlc r e s t  of Itlc  slialw o f  t}Ic c{)l)trol-tc)-c)lltl)~lt  trallsfcr f~l[lctiorl.  ‘1’}lereforc, IIIC dotiiitlalll follrttl-or(lcr

Iwllal’ior  of ttlc Llcllottlillator  is dctcrtllit]cd first I)y lakill~ tlIc  Iitllit, 1,,,, - + MI ill (id(s) :IS f o l l o w s

,Iilll
Nm,(s)

(;d(,s) : A ’d -
-+ x>‘lIL l)=,(s) (13)

wtlcrc

wllcrc

(14)

(I!ht)

(15}))

(15C)

(Ibc)



]’or a I]rol)rr]y  dcsigtlcd collvcrt(r  o]wrali]lg it I ( ’ ( ’k’ l ,  llIc  l o w  aIId l)igl] frcqucl]cy [Il]ii(lriltic  coIII]IoII(,tIts

arc well sclmrat,d, so tlint, I), X,(.\) factors al)])roxitllat,cly ;is follows:

l)X,(S)  f’- ( 1 + s/Q,, J,, -1 (.s/Ld,, ) 2)(1 - $/Qj,Jl, -, ($/4,)2)

‘1’}Ie Ilulllcrator iis givcll by

(I fiii)

( I(il, )

(17a)

(171))

(1s:1)

(181))

A t  t h i s  },oillt oIIly w], aIId Q,, arc o f  irltercst to us  hcausc tlIe Iligll frqoc])cy q u a d r a t i c  w i l l  IJC

(Iclcrtllitlcd later again. N=,(s), L;jl alId  Qjl arc given  f o r  coIIIIJlctcIIcss, ]JC!CZillSC  L]ICM’ f~(’[OrS,  tO (]1(’

I)cs( of tllc autlior’s krIowldge, lIitvc ]Iot lweII derived Iwfore  f o r  tlIc  I]o[lisolirtccl  (juk collverlrr  wittl

Cool)ld  irlductors. ( N o t e  t h a t  it, tllc lilrlit 1, ,,,+x, ttlr c]lcrgy  trallsfcr c a p a c i t o r s ,  (<’1 ad IC:2 l)ccoIIIc

colll]cctcd ill series aIIcl act as a sitlgle c[lcrgy  t r a n s f e r  calmcitor wit])  an cqoivalcllt, value CTl II C~2 ill ttlc



IIo]lisolatcd  (~uk cor)vertcr-. A l s o ,  ]lotc  ~tlir~ ill tllc’ ]il[lit /i”+] ttlc tlig,tl frcque]lcy’  C(JrllCr II IOVCS  t o

ill filiity, Jlpx, and tllc order of ttlc syslc III IS r e d u c e d  I)y two, i . e . , IJx,(s) llccot  IIcs a  s(cotl(l-ord(r

Imlyliolllial.)

so t h a t  D ( s )  cal  I lw f a c t o r e d  al)l)roxilJlatcly  itjlo tw’o (Iua(lriitic filCt OrS  corrcslmtldill~,  1(  I  tll( low-

frcquetlcy atid the glitctl cotIIl)oIIcIIts  rcslwctivcly

D(s) &(l+.$/Q,,ul,  -l (.s/dl,)2) (l-t s/Qc;Ld(;  i (s/+ ; cd<; < Ld,, (2:3)

II i s  illll)ortant  to realize that tIo assuttll)tiolj tltis lwctl Illadc ill (23) a}jout ttie rclhtive Iwsitiorl o f  uc;

w i t h  rcslml to Id],. 111 t(’rrlls  c) ftll(co cfficiclltsbi,

I)(s)& 1-1 b,s -

l;.x}mllsiol, c, f(~~{)atl(l  c{)]lll)arisc))) wittl  (24)  y i e l d

l),, , .1. .1 .1.. -1 -

‘)(s)  CaII }W writtetl as

62s~-1 @4 L4S4 (y/l)

‘I’l Ic al)})roxitllatioll iII (lie  l a s t  stq) ill lIkl. (25)  i s  valid Lccausc  ttlc ~)ositioli  o f  ttlc rchollat]ccs  a r c

Ilardly effected l~y tlIc  dallll)illg  f a c t o r s  ill a rclat,ively lli~ll-Q syst,cl[l.  Sul)stit,ulio[l for  WI, a r i d  t12 in l;q.

(25)  yields

(M)

Altl]ough a t  t h i s  })oillt Qc; call  be deterlllirld l)y colillmriljg  tlIc  cul)ic  tcrlIls ill Ikls.  (24)  aIId (23), tlIe

result would  IIot be o f  ally I)ract, ical  value I)ccausc  tlIC ~Jarasitic  resistances o f  (,’] 1(.’2 all(l  1,1 tlavc a

II IUCII  strol)gcr effect olI Q(;. 111 tile rlcxt  scctiorl. Q(J }vill bc dcter[tiitld irl terllls o f  ttl{,sc })iirasitic

rcsista[lces.



7he  complex zemsof the glitch

I;xlmtlsion  of l’kl. ( 2 7 )  .311(1  coIll]mrisoll  lvitll  ttlc cm’fficiel)ls  ’11 it! Ikls.  (Ta-d) yield

1 1[1,, =-2-2
w,, Wg

(:?M)

(’))]))

(2s(’)

(28(1)

No al)l)roxitt)atlc)]l  is Imssil)lc  it) Ilk]. (~~a) lmcausc Qg > >  Qj, all(l  wl, > >  U~q and lmtl I trrllls arc

collllmral)le.  ‘1’1)(>  frcqucl)cy of tl,c colllj)lcx  zero  corrcsl)olldirlg to llIC g l i t c h  i s  ol)taitld froth lkI. (Yh’1))

(?9)

III tlIc IIcxt srctiori, Qg w i l l  IN dctcr]lli]lcd ill ttlc I)rcscllcc  o f  Imrasitic  cleIIIcIIts  ill o r d e r  to oljtairl a

]Ilore  realistic value for it. ‘1’lle }iigll frcquc]]cy q u a d r a t i c  and its dallll)illg  are ol)taillcd  frolll l;qs. (?~d)

atld (2 SC) rcsl)cctivcly

(301))



111 (11(’ 11(’xt sect,ioli Qll  w i l l  be dcterlrlitlcd it] ttlc Ijrmcrlce  of  IJarasitic  CICIIICII(S.

Condition for the removal of the glitch

11 is iil)[)ilr’~llt  f o r  }>ig. 6 ttlat ltlc Qfactors o f  tllc cotlll,l(,x  z e r o s  alI(l I,olcs o f  lIIC glitctl arc lligtl  aII(l

Colll}mtal)lv.  ‘J’lmrcfore,  i t  Illay  IN. lmssil)l( 1 0  (lilllitl;itc lIIC glilcll I)y ])lacillg  i t s  z,cros aIi<l lx)lc~ (,II (o))

o f  tarn other. ‘1’llis rcqoirrs tlliit

ivllictl  gives

(:{’))

‘Iwo i]ll}mrtallt s]wcial  c.ascs of t,llis co]lditicrtl  are givc]I  I)y 0 L 1  arid  0: 0 wtlicll  corrcs~)ol)d  t o  tile

cases of zero-ri})l)lc  cou~]lirlg  alld lio coo~]]iilg at all reslwctivc]y

q .
{

1)’/1) [t :- ] zero-ril)})le cou})li]lg
C,  -

l/1)~- 1
(33)

(t=(l IIo cou])litlg

N o t e  tl)iit  wllctl  lIIC firsl of ttlc t w o  co]lditiolls  ill lkl, (33) is siilisfid cd{,  : Wc; = l/{~J,,,(c’~fl C’2). I:or

(Ilr co]lvcrtcr  Cxar[l})lc given  in’ttle })rcviolls  scctioll+ tllc itl})ut at]d  outl)lit illdllctors arc coo])lcd  f o r

z e r o  ri})})le curre]lt ill tl]c  ootl)ol  filter so that o = 1. IIetlcc, accorditig to Jf;q. ( 3 3 ) ,  lvc ctloosr LIIC val IIc

of (’2 suctl that

‘Illis reqoircs that C;2s IN redocd froth fi6pl; 10 14.7p  11’ wllicll  hardly  effects  t i le  Itlail} pcrforlllallcc o f

tllc collvcrlcr s i n c e  the t w o  cllergy trarlsfer cal)acitors “a r c  ill series s o  t h a t  ttle sf[lallcst of tllc t w o

dolllitlat,cs their colnbillcd  e f f e c t . (lror this co,lvcrtcrl i f  we ctloosc  C,’2s= 66/,}, tl)c],  wc IIave

CJ’1 ll~J’2=  J3113 -51 =03v}’ Wllicll is IIot ttlat lll~lctl ciifferellt  tlllall ~~1 llC~2= .f?3j/14’ for a Iwttcr choice

o f  (J’2~ = 14.711 F.) ‘1’he control-to- oot~)l]t t r a n s f e r  wittl t h i s  co]iditioll satisfld is  slIowJI itl l’ig.  7  it)

wllicti  tllc glitcl] IIas elltircly d i s a p p e a r e d .

Fc)r valllcs of 1) outside tl}e One clloscli  f o r  tllc caTlccllatiorl  co~l(litiorl,  tllc glitch rcal)lwars.  I,}or

exati)l)lcj i f  tile corlvertcr i s  dcsiglld to oIwrtitc froth a llo~tlirial  ill})ut v o l t a g e  o f  270V witlt 3 20(X,

Vitriatioll, ttlcll t,llc d o t y  r a t i o  would  tlal,c to Vilry itl tllc ra]lgc .258< 1)< .34?.  III ttlis cast tllc p,litcl)

rcal)}wiirs  as sl]o,wll ill l“ig. tla 1)0( tile sc}mratio]l  lwlwccII  ttlc lmlcs  and zeros i s  IIluctl  sllldllcr  tllall i f



tl)c  cat)ccllatioll col)difiorl  i s  IIOt siilisficd as sllo~v]] it) l;ig.  t31J. Irl l’ig, Na tllc

Z{)]IZ ;vi~]l collsiclcral)]c  Ix’akillg  ~vllile irl lrig. 151J tlIc  IIlaxiltlutil sclmratiorl

Ixakillg;. IIctlcr, wit]l  tile callccl]atiol)  cotldilicr]l  satisfid, i t  stlould I)c II IUCII

ctlergy  trill  lsfrr  calmciloi-s  as Yvill I)c slIow’11 lii[er.

]Ilaxi]]ll]rl]  sc}mratio]l  i s

i s  811z Ivittl  rtluctl  IQSS

e a s i e r  t o  datl)~) out  tllc

11 cittI a l s o  lxsccII for][l lkls. (26)  alId (29) ltl:it if 1,,,, is ]JItidc l a r g e r , ttlc lwles all(l zrros of tllc

glilcll Imotllc tllore closely  s}mcc(l. ‘1’tlis f a c t  Ivas rccoglli?,  cd ill [5]  I)y Cx}wrilllclltirlg  tvitll  lar~,cr k’alucs

of 1,,,, utltil tllc glitoh lwcaltlc IIllrloticcal)lc. ]’or ltlc I)ract  ical  cotlvcrtcr CMIII})IC,  it lvas  fouilcl ill [ 5 ]

tll:it illcrcasillg  1,,], fror]l 15]1111 to 60t]lll ~vwa(lc(luat,c for  clilllillatir]g  ltlcglitcll. A  f o u r  titll(w  illcrcasc

ill tllc Illagt]etizi]lg irl(l(]ctatlcc, llo}vcvcr$ rc(luirc(l  a rcdrsig[l of ttlc iso]atio]l trallsf(]r]l]~r 10

iICC(II II II ICI(lat(S  tw i c e  t}lc ]Illltllwr of turns.

‘I’II II; II; II’1l’IIX’I’ 011” I’AILAS1’1’IC  lI;I,II;M II; N’1’SON  ‘I’1l}{: (;1,1’1’(;11

lti orxlrr  ((J g i v e  a COJII]JIC.lC atlalyt ical  {{cscri},Li(,Il of t}lc glitch, cx])rcssio]ls  arc dt,ri~,cd for  [IIC (Iallll,irlg

of its lligll-Q I)OICS  atld mros.

7he damping of the poles of the glitch

‘1’tlc })rmcllcc  o f  tile dotl]illaut tcrlll 1,,,,(~~1 -} C~2) ill ttlc Cxj)ressiolls  f o r  ttle frcquetlcics  o f  tllc l,ole  ii])d

zero of t}lc gli~ctl sugges ts  tha t  tllc quadrat ic  fac tor  of  t]le  glitctl  i[l t,llc dcnorllitlat,or is

Imrallcl coltllJiIlatioll  o f  ),,,,,  L’l and C,’2 a s  SIIOWII irl l:igi  9 .  \$’t]e]l tile l)arasitic clct[lcllts

tlIe  detlo]liitlator of this systell) is of (Ilird order and is give]] I)y

~ivctl  I)y tlIc

arc illcludcd,

1)(s)=. 1  + S(C1?,I -t C2?’2) i +((,,17.,  -i (,’27 ’2 -i 1,,,, ((, -1 (’2))

ill wtlicll

r, , 7’(;1 -~ 7’,,,,,

12 : T(. ~-1 1“,$,,,

(34)

(:m)

(:{51))

ill wllictl  r 1)111 atld r~,,, are ttic l)rirllary and s e c o n d a r y rcsistarice o f  tlie isolatio[] trarlsforlller

rcs}wctivcly. Sirlcc,  tllc })arasitic resist al]ces arc s]llall, tllc systc]ll Illust cssmitially  cxtlil)it a  lligll-Q

s c c o l l d - o r d e r  rcsoflallce at l/~l.,l, (C,’l + C’2) so that f)(s) can Iw factored to an excellent ai)])roxi[[latio[l

a.s



/)(s)  N (1 + s/w(,Q(; -i (s/&o)~)(l  -+ s/sl,)

IIj’ (Lxlm]ltli]]g It[l. (36)  iill(l Collil,iirillg  cocfficic]jts o f  ]mlvcrs  of !$ it] I;(I. (:{4) lYc fitl[l

.1 -1 ;/ ~ (“,?’,  -1 (’~1’~
Ldc,Q{;  ,)

.!2?1, ,,,((’, -1 (’2)
“ o

1 , (:, (:2//,,, (7,  -t 7’2 )
L/s[1 l)

A  si],l})lc sul)stitutioll o f  lI:qs. (37c)  atld (:{71))  ill (: Ha) yields

Q(:= Q, II Q211QJ)

ill wllicl]

(:i(i)

(:i7a)

(:iil))

(:i7c)

(3s)

(’l(h)

(40i))

(4(.IC)

7he damping  of the  zeros of the glitch. . .

lkicrlllillatio]l of t,}~c dal]]pil~g  of t,}Ie zeros of tl]c glitc}] is collsidm-al)ly  ]Ilorc  d i f f icul t  a]]d r e q u i r e s  tlIc

rc(lctcr]llillatic)~l  of tile cocfficicmts  al and C[3 in tllc j)rmmcc of ttle p a r a s i t i c  ~l~lllerlts.  ‘1’llf’s~ ~o~fficirllts

arc given I)y

L,
[1, z - -1{ ( )~j,+  L’, ?l+ r,,l 11(- JfIY2/1)2)  + L’2r2

1’11  -  ~“”~--jj)]j! ‘1]

(41)
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‘1’tlcrc i s  lIo l)ce{l t o  rcdeterlllille tlIe  cocfficicl)ls (J2 atld [Ji Iwcausc  tllcsc corrcs}mlld  t o  ttlc rcsollatlt

freqllellcirs wllicll  arc IIardiy effected IJy ttle ])ilrilsitic  clcttlents. lkluatio]ls (41)  arid  ( 4 ’ 2 )  cari I)c r e a d i l y

sirlll)lificd as

(13 & 1’, (:1(:2 (?2 - (,7, 1)/1)’)

“’]’’’(7: “ “2% m-1 1/,,1 (’,(:2(?”, -t 7“2 ; 7“1,1 )  -

Accorditlg to Ikl.  (!tla), (281)) and (28c)  ~Yc Iiavc

(43)

(44)

L- a,.-] G ~
TO-aG;(J9 LLI,,Q,, 2

(4r))

,,III th is  equatio]i,  WIIe II the ilrst t w o  ter]lls of o:t, givcll  ill I’kl. ( 4 4 ) ,  a r e  dlvlcled  I)y ~12, lve al~])roxllllate

a2 l)y 02  c+ l.,)l (L’l-i IC~2), I)ut  wllcll  tllelastier)llof[~:~ is  (Iivi(lccl l)y C12 w e  use tile follolvirlg

Iwttrr aj)l)roxilllatioll

slightly

(46)

‘I’l Ic reirsotl  for  Ithis  i s  t h a t  ttle tcrllls ill {I ,  and (1:+ wllictl  (lc]KTIId  c]ttirely oII ttle  load  1{ w i l l  Ilot  cal Icel

oIIt. Sul)st, ituti]lg lIkls. (43) a]ld  (44) itl (45) atld ]Italii]lg  use of tlIc  a})])roxi]flatio]ts  of [12 we get

Qg: L’lll[ll llq))llfll{

1
~1 ‘“ig(:l (?), .+”7}1,,  )

ill wtlicll

(47)

(48a)
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Wg(’, I]C2[I’2(1 i l/l/l/,,, )i 1’, (1 - nl~/1)’)i  7’/,, 1
1{ ~’?,l (’, -i ( ’2

~1{~ ‘-Wgl)]  -1/, (:, - (:2(,1)/1)’

(4s1))

(’l&-)

(18(1)

‘1’l)iscc)llll)lc((s  ltl(,tlcttrtllitltt(ic)fl ofttl[frcque])cy rc’s])o]]s{oftll(glilcll.

‘1’11[.  QfilCtOr, Q;,, of A’,,(s),  giverl  e a r l i e r  ill l;q. (3(JlI), \vill tIow I)c rdrtcrlllil]rd ill tl,c

I)rcwtlcc  of tllc ])arasilic elcrl]cI]ts

QjL
Q,, = -

~Jw,llc2 T*- wjD/D’+:l_+ ?“2+ h-
( )[I)””[j ““ 17,, “1/ ,(t +-,

1) l)’

7he conlp/ete  contro/-  to-output transfer function

(49)

(50)

1)(;(s) : 1 -t s/Q(;w(; -f (s/w(;)2 (511))

ill wtlicll  w[~l w!?, QG all~l Qg arc givcll I)y lkls. ( 2 6 ) , ( 2 9 ) ,  (38)  iilld (47)  rcslwctivcly. ‘1’llr’ retllaitlitlg

Imrt,s of tl~c transfer function arc

N / , ( s )  : ~ -1 .$/(~,,ti,,  -1 (S/W,,  )2 (52)

D,,(S) = 1 -t s/Q,,wl, -+ (s/LJ~,)2 (w)



ill Wllicll w,,,  Q],,  d,, atld Q,,  \vcrc dckrt]litlcd Cilrlicr  ill Ills. ( 1 7 a ) ,  (171,), (3tkt)  alId  (49) rcslwctively.

Next, wc \vill  drtcr][li]lc  d}, aIId  Q,, \vllictl  are llIr iltl])rovcd  :i])i)rc)xittlatic~tls  to Wj{ all(l  Qj[ givcll

2 - 1 /b(; f$’e tlavee a r l i e r  it] Ikls.  (Isa) atld (181)) rcslmtivcly. Sitlc(’ (uJl, uJIItiJ(; ) -

\$’llclI lltc co]lditiol)s for  tllc rc]l)oval of tlIc  glitctl aIId  zcrc,-ri]]~)lc colll)liilg (lkl, (33)) arc satisfi(d,  tlICII

,, = , ,,,,,, (’2  j),

i

11 ))2 + (7//)’  -1 f))~/(7/ - 1 )
[’, - 1) ‘) ‘~1’ ‘~1= /.2(”<,  -] - ~.~ “ - l,. J’l IY

(J(i)

H’lli(’11 iS illd  Cl) Clld(’llt  of ],,l,. As tllc duty ratio v a r i e s  alwul tllc valu~  s;itisfyillg  (Iic re]llovd]  cotlditioll,

U,}] acquires ir s)rlall  delwlldc]]ce  01] t}lc IIlagllctizitlg  itlductatlcr  1,,,,.

Siilcc  tllc I)ritllary f o c u s  o f  ttlis scctio]l  is ttlc glitct[, t h e  dCINIIdCIICC of Q], 011  ttle lmrasitic

clc]l]c’]lts  w i l l  tlot Iw dctcr]llitld. A soll]c~v]lat  itlll,rovcd ,aI)l)roxitilatio)l  f o r  Q,{j Ilowcver, call  iw

ol)tairld as follo~vs:

wfllicll CaII  irlso IIlC exljressecl  ill terllls o f  Q)] .3s

If tllc rcllloval  a~]d zero-riljl~lc  coul)lil)g  corlditiotls  arc sat isf ied,  IIICII  Q]] is give]] I)y

(L71))

(w)

‘J’lle al)p,roximate  and exact tral]sfcr functio]ls for t,lle IJractical converter discussed earlier arc

collll)ard ill l’igs.  10 and 11 for 1) = .342. III l’ig. 10 all ttlc c i rcui t  corllporleflts  arc the salllc  as ttlosc

itl ‘1’able 1 cxcel,t that the cllcrgy trarlsfer ca~)acitor Cl., IIas I)cc’11  Cllosc’11 t o  I)c (,’2,, : 14.7/(1”



nc
=
L- .
-.
c
=

11 II

,!

—
‘5’
0



wllicll  i s  ill agrcc]llc]lt willl  tlte result ill 1,’ig. 1 1 .  ‘I II(wC rwlllts arc Sul]llllarizcd ill l~ip,. 12 alId  ‘1’itl)lc 2.

11) I’igs. 1 3 a  a]I{l 131) tlIe  vali(]ity of ttlc atlalyt ical  transfer fu]lct, io]] ol)taillcd  itl l;q.  (49)  i s

tcstc(l for  casm ill w,]lic]] tlIc  g l i t c h  o c c u r s  citl](r ]Iear  tllc tligtl-frequelicy corrler, d}], or tlcar ttlc low-

fr(qu(’t,cy  cor]lcr, d],. 1]) lrig.  1 3 a ,  all tlIc  c i r c u i t  l)araltlctcrs Jvcrc kcl)t  ttlc S:IIIIC as  ill I’ig. 1 1  exceljt

tllal tlIc  ]Ilagtlctizillg  illductal)cc w a s  rcduce(l  to 1,,,, = lrIIll i]] order (0 l)uslI ttlcglitcll ]le:lr tllc vici]lity

(If till. 11 i s  wortll~vl]ilc  to Note irl tl]is fig,l]rc tlIat ttlc  zero  of tlIc  glitctl i s  v(’r:i \vcll (Ialll]ml it]

co]ll]mrisotl  to Fig, 10. ‘1’lIc rcaso~l for t h i s  i s  tt]at Qg it) I;q. (47’) IWCOIIIW stliallcr Iwcausc q}) atld q,< ill

I’;(ls. (41SC) a]ld  (4 S(1) (lCC’rCi{S(,  \vitll  (Iccrcasi]lg /,,,,.  Ili I’ig. 131) ttie glitctl >vas I, USIINI I)c]ow ttlc low-

frc(lllct)cy  corllcr I)y itlcrcasitlg  tllc ]Jla~tl(ti7itlp;  itl(lllctatlct, t o )/,,, : 10011111” find tl)c’ (Iuty Cycl(’ (0

l): . 4 .  lrl a(lditioll, llIC valucsoftl)c f(~llo!vit]gc  (jll]j)c,]l(tlts lvcrc  ]I]odifid

A s  ca]I lx scc]I,  tlIc  al]aly(ical al)]~rc)xitllatio]ls  arc ill good  ;Igrccllle]lt  with tt]e  c i r c u i t  II If.Jdcl cxcc])t f o r

ttlc lwakillg at k,}, a s  ex})laincd  earlier.

E1.1 MI NA’J’ION  011’ ‘I’ll II; GI,I’1’CII IIY I) AM I’l N(; ‘1’11  It ENERGY  ‘1’RANSII’ER  CA1’A(:I’1’OR

I f  lIIC r]lergy trfinsfcr ca])acitor Cl i s  daili~ml I)y ilIl l{f~  Iletwork a s  slIowII  ill l:ig.  1 4 a ,  ttlct]  tlic

I)arallcl reso]larice ill Pig.  9 d i s c u s s e d  earlier wou]d  rducc 10 the oIle ill l:ig. 141) ill wtlicll  ?1 aiId  1>2

Ilavc  IN*CII  igl,orecl  because IIIOSt of tlic datlll)illg wi l l  lIow lx’ duc to I’d. Sitlc(, WC oIIly itLtcIld to dccrcasv

tlIc Qfactor frorll  a  fcw tlu~ldrd down  t o  tl]r teetls, tlIc  resonant frcclueocy  rctllaitls Ilardly cl)atlgcd.

‘1’llis illll)lics that  i f  tlIe  tirllc co]lstaot Id(;,i is CIIOSCII SUCII tl]at I,{(Td < 1 /dC) (u,, : Wg m tic;), tlle[l tllc

@factor is give]] I)y

Q/+ ; Ldo = &Jg C-J w<;
o 111

(63)

l~or [IIC ]~ractical  co]lverter d iscussed here, let us ctloosc  Qd R 11 atld 1 /T>d(~d x tiJ,,/3.  iVitll u,, : 1 2 4 5

a]ld  I,,J, = 1511]11  tllc following values arc ol)tairld for Td arid  CTd



7’,, : 13[)(1 ( ‘c{ r-- .3//1’ (64)

‘1’l]c cc)fltrcjl-t{)-f>l]ti){tt  trallsfrr  function ,  lvitll  (’1 da IIIld \vitll tllr va]ucs o f  rrl itt Id (’cl i]] I’kl. (64), i s

slIo\v II it] l’ig. ]fi for’ ]) : : . 2 5 8 , .:}, atld .~{42.  A l l  tllc col[ilwl)crit  v a l u e s ,  il]cloditlg lmrasilic rcsistallccb,

cast’ o f  [“ig. ](). A s  call  IN s(Y’11,  ~]ic g]ilc]l  ]Ias a] II I(Jsl  (Iis;iljlwirrc(l  fro)!! [1], rlltirc,

dat]llw(l, (1IC cotltrol-tc)-out I)ut t ratlsfcr fllrlctiotl it) lkl.  (4{)) rdllccs 1 0

((r))

I)ccausc ttlc cot II IIlcx poles  atld zeros of tllc g l i t c h  csscllt  ially cal]ccl  out. ‘1’tlc dalll})illg r e s i s t o r  7d tlas

a]lllost 110 cffm-t 011 tlIc low-f  reque]]cy quadratic so ttlat 1~1, (s), w], alId  Q],  arc still givc]l  I)y h;qs. (33),

( 17a)  al,d (1’71)) rcslmtively. ‘1’lle dalill)itlg  resistor rd also lIas lIo effect on tile tligll-frcqlicllcy corner so

ttlat w],  i s  s t i l l  givctl  I)y kkl. (55). ‘1’t)c Qfac(or, Q}, ill l)}l(.s), llowcver, is IIigtlly  cffrct,cd I)y 7’(1 and is

1 1 0  ]o]lgcr  giveI] IIy Ikl. (Wa) o r  (5?1)).  II I  or(lcr to dctcrll]i~lc Q}] ill tlIc ])rmcIlcc o f  7“<f,  we llwd olIly

rdctJer]I]itlc ttlc cocfficictlt b5 kvtlicll .accorditl{:  to tllc A;-l~xtra  1;16111cII(,  ‘J’tlmrctll  [1  1] is givctl  I)y

(66)

(III arrivi]lg at I.llis ex})rcssio)l,  ~~d is assutIIrd to  h ])ractically a sllorl c i r c u i t  aIld  that rd is ill lmrallc]

ivitll  C’l).  JNo\v,  accord it]g to lkl. (57a), ttlc dar II~md  Q- faclor cat I IW cxIJressd it] tcrtlls of [~}1 as

ill wllic.11  Q) ]  i s  givcll ill I’kl.  (5Ta) or (571)). ‘1’l)c IIigll frcquetlcy q u a d r a t i c  i s  ]iow g i v e n  I)y

(67)

((is)l )} , (s)  : 1 -i s/Q,ldwl\ i (s/w}, )2

it) wllictl, as IIlerItiohed  earlier, w}] is still given  l)y IIk]. (55).

‘1’1117  daln]d  control- to-outl)ut tra[lsfcr futlctiotl  ill Ikj. (65)  i s  cortll)ard witl]  tliat o f  tl]c

circllit ]IIodcl  for 1) =. ,342 i]) l~ig. 16. ‘1’IIc  agrccll]cl,t  lN7twccII  tlIc aIlalytical  a])})roxi]rlatiol, alId tt,at o f

tllc actual circuit II Iodcl is secII to lW very good.
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(fly)

(it.:])

1( was snow])  e a r l i e r  ill Ilk]. (ltk) tlIat tllc Iligll-frulucllcy corttcr ill tt]c  lilllit l,,,l-+x is givctl  I)y

(a.(i)

Next ,  [Ilc liigt]-frequellcy corrler t) ttle iltlit l.,,l--+O i s  obtailld frolll r!Ji in lkis. (l Oa-d)

W)’l z (a.i’)

I f  wc lIow  r e q u i r e  Illat lIIC rctrlova]  al]d  zcrori})},le cou})li[lg  cotlditiol]s  ill Ill. (33)  IN, satisfic(l,  i . e . ,

(:2/(:1 : 1)’/1) aIld  [} = 1 ,  tllcll W’e get

}y}lic}) il[ll)lics  t h a t  Wjl =  W;{ =. w}]. lle~lce,  WC Corlclude  jllat,

Illustj still h g iven  as lmfore  s i n c e  W}l rcl!~aills  ullcllallged in

(a.~)

witfl  ttle rcrtlova] condition sat isf ied,  @f;

tile cxtre]llc lill)its o f  1,,,,. lurtflerlt~orc,

QO will Ilow bc considerably bigbcr because , wit]) ~,’2/Cl  - ckl)’/]) - _  O ,  ql{-tcw  as  call  Iw sccl I ill l’kl.

(4 M). It follows that tbe mnoval  condition dcrivd earlier is still effective for very stllall values of 1,,,

s o  ttlat if \ve now ctloose

(-:2 = Cl!; => (:2 =- . 4557)  11’  ((:2, = 8.557/11’)

ttlc ]wakillg a t  Wc; lllust sul)stalltially dit[litlish.  ‘1’tlis is vcrifid ill F i g . 18. AIIy s l i g h t  dcviatiorl  frol]l

ltlc rclllovai  colldition$  will cause Qg to dccreasc dras t ical ly  allowir)g  for ttle lligtI-Q I)ole of tllc glitcli to



s]lo}v II]) It,it,llol]t  tl]c I)c]lcrlt,  of a  very  c]cJsclv sl)acc(l ]ligll-Q  zero t o  coutltcr  its Iwakitlp,.  1[1 }\’tlilt

f o l l o w s ,  tllc ill)} )roxilltatc COll~rO]-~()-(J(l~})llt  Irallsfm ful]cl  ion \vill Im dclcrlllirlcd for d{; > u]].

[il.!))

ill wllicll  Q,, i s  givcli  I)y lkl. (49). ‘1’liis cal I Iw writtcll as

Qg ‘“ ql II n II q;{ II q.q (,,.1O)

i]) Wllicll  q, a]ld  q2 arc givctl, as lwforcl  by }k]s. (48a) (4Hl~) rcslwctivcly  aIId qg  aIId q}{ arc p,ivctl I)y

({,.11)

(a.]?)

‘1’lIc IIiglt-frcquclicy corner w}] f o r  sf]lall  1,,,, i s  IIcarly  itldc]m]ldc]lt  of ),,,1 al]d  is l}ow gik’cll  I)y

s o  tllal U(; is ohtairlcd  fro~[i

I’erfortllitlg tlIc  necessary substitution WC get

(:,.14)

(ii. ]F))



Sitlcc  W(; is still al)proxilllatcly givrrl I)y tlte ])arall(>l rcsorlat]cc  of  1,,,, aII(l ( “ 1  -} C’2 ill IPig. 9 ,  1+;  is slill

~ivcll  l~y Ilk]. (3!)) as I)cforel  Since  we;, wll, iilld Qf;  arc  all still ~,ivrll  al)l)roxili~atc]y  as  I)rforr$  i t  f o l l o w s

t]I:It [,),, js still ;il)l)roxitll<itcly  ttlc salllc :1s I)cforc I)ccalls(,  frorl] tllc IIigli-frcqllcrlcy  Iwtl, avior of 1)(s) lvt.

llilVC

( i i . ] ( i )

Sil)ce  a l l  qua]lt ities i[l }kl. (a.16) cxcel)t f o r  Q},  rcllltiill  ullcllatlgd, it fo]]ows  t]lat Q,, r(,lllfiitls

cssctl(ially I]]lctlatlgd. 111 lrigs.  1 7  aTId 1  S tlic dottd Iillcs  are tile al)Ijroxilltate trallsfcr furlctiotls wtlicl)

arc it] very  good agrw]nc]lt  with tllc circuit, II Iodcl.

F i g u r e  19 SIIOWS IIow tllc ]I)agllitodc rcsllollsc cllallgcs as ttlc d u t y - c y c l e  i s  decrcascd frolll

l) = .42 itl l:ig,  18 t o  l) =  .35. III tllc sartlr fip,urv, the  pl)asc resJjo]lsc  snows excessive j)ltsc  shift brcausc

o f  tlic colJI})lcx rigtlt-llalf 1)1.mc  z e r o  at j =  7.,5kllz.  It is I)ossit)lc  t o  irl)provc ttle })llase repsorlsc Ly

tlillll})illg  C’, as Iwforc  and setting ~llc tilllc constant ?“~(’J’c{ N l/kJ~; SO ttlat

rd : 300Q  and (:d =

‘1’IIc dallllml res})ollsc  is  sllowl)  ill lrig.  20
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